BACKGROUND: Acute bacterial meningitis may develop as a complication after head trauma. The aim of this study was to present the demographic, clinical, microbiological and radiological characteristics of adult patients who presented with recurrent bacterial meningitis attacks after trauma.
RBM is a rare entity, suggesting the existence of predisposing causes, among which traumatic causes appear to be the most frequent. [4] Developmental or traumatic disorders may give bacteria access to the subarachnoid space, resulting in RBM. Additionally, undiagnosed immune deficiencies may lead to a susceptibility to the bacteria causing meningitis in affected individuals. Various predisposing factors have been reported. Therefore, the causes paving the way for RBM should be comprehensively investigated. [2] Pneumococcal RBM is usually caused by an intracranial seeding of bacteria via direct communication with an extracranial source. This condition frequently manifests with constant or intermittent cerebrospinal fluid (CSF) rhinorrhoea due to various etiologies. [5] Early diagnosis of any underlying pathologies in patients with recurrent bacterial meningitis is important to prevent further attacks and improve the general outcome in affected patients. Posttraumatic recurrent bacterial meningitis has primarily
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INTRODUCTION
Acute bacterial meningitis is a life-threatening infection that may cause significant morbidity in the cranial and spinal leptomeninges. [1] Recurrent bacterial meningitis (RBM) is defined as the recurrence of the symptoms and clinical and laboratory findings of bacterial meningitis in spite of an adequate been described in case series of pediatric patients. Studies conducted on adult patients with posttraumatic recurrent bacterial meningitis are limited in number. Since the majority of the previous studies on RBM have included fewer than ten patients, our study may shed greater light to the understanding and management of posttraumatic RBM with the larger number of patients featured. The aim of the present study was to present the demographic, clinical, microbiological, and radiological characteristics of adult patients who presented with recurrent bacterial meningitis attacks after trauma.
MATERIALS AND METHODS
The study was conducted at the Dicle University Hospital, which is a 1,275-bed tertiary referral center that provides care for the vast majority of patients with bacterial meningitis in south-eastern Turkey. Patients who presented to the Dicle University Hospital with symptoms including headache, fever, nausea and vomiting, and nuchal rigidity during physical examination pointing to meningitis between the years 2003 and 2012 were included into the study in a retrospective manner. After neurology consultation to exclude any cerebrovascular events, the patients were admitted to the Department of Infectious Diseases with a pre-diagnosis of meningitis. Lumbar punctures were performed and the cerebrospinal fluid (CSF) was tested. Patients with a leukocyte count >1000/mm 3 (dominance of polymorphonuclear leukocytes), CSF glucose <50% of blood glucose, CSF protein >50 mg/dl, and/or positive CSF culture were diagnosed with acute bacterial meningitis.
All patients were asked about any previous history of meningitis and trauma preceding the attacks. Recurrent bacterial meningitis was defined as a case of meningitis that developed due to the same or a different microorganism more than three weeks after the completion of the treatment for the initial meningitis attack. The diagnosis of RBM was based on clinical, bacteriological and laboratory results. Patients with ventriculo-peritoneal shunts or immune deficiency were excluded from the study. Since the patients had a history of trauma, cranial tomography (CT), cranial magnetic resonance imaging (MRI) and ventriculo-cisternography results were recorded in patients with risk factors. The mean age, gender, and CSF results of the patients were evaluated. The prescribed antimicrobial treatments were also taken into consideration.
The consent of the Dicle University Medical Faculty Ethics Committee was obtained for this study.
RESULTS
The total number of patients with acute bacterial meningitis during the study period was two hundred and twelve. Recurrent bacterial meningitis was diagnosed in twenty-five (11.8%) of them. Post-traumatic RBM was diagnosed in eighteen (72%) of the recurrent meningitis patients. The age range of these patients was between 17 and 63 years, and the mean age was 28 years. Among the patients, eight were female while ten were male. A total of eighteen patients with forty-three meningitis episodes were recorded. The mean number of the episodes was 2.6±0.8 (range, 2-5 episodes). Seven patients had a history of fall from height during their childhood, and five had a history of traffic accident.
When the CSF test results of the patients were assessed, CSF pressure was observed to be increased in the majority of the patients. CSF was turbid, and the mean CSF glucose was lower than 50% of the blood glucose level. These CSF results were consistent with acute bacterial meningitis. Grampositive growth was the most frequently observed growth type. S. pneumoniae growth was observed in the CSF cultures of four patients. Gram staining indicated gram-positive diplococcus in four patients (Table 1) .
Radiological imaging results of the patients showed bone fractures and dural contrast enhancement in the brain CT images of seven patients, dural contrast enhancement in the brain MRI of thirteen (72.2%) patients, and bone fractures in ten (55.6%) patients. Among the fifteen patients who had undergone cisternographies, eleven had dural defects and eleven had CSF leaks ( 
DISCUSSION
Post-traumatic meningitis is an important condition due to its potential for recurrences and sequelae. In some cases, it may even prove fatal. This study underlined that patients with post-traumatic meningitis should be assessed for CSF leakage and the risk of recurrence. Furthermore, healthcare professionals should consider the risk of recurrence in all bacterial meningitis cases.
In a retrospective study evaluating meningitis patients among the general population, 6% of the patients have been found to have recurrent meningitis. [6] Adriani et al. [7] have conducted a prospective study on meningitis patients among the population in the Netherlands and reported this rate as 5%. However, the rate may be lower in children. In a study by Drummond et al., [8] conducted on pediatric meningitis patients during a ten-year period, the rate of recurrent meningitis has been observed to be only 1.3%. In another study conducted in a tertiary pediatric training and research hospital in Turkey, a rate as high as 6.2% has been observed for recurrent meningitis, [9] which is higher compared to the previous studies. In our study, radiological assessment pointed out CSF leaks and skull fractures due to trauma. In a study previously conducted at our hospital, Hosoglu et al. [10] had evaluated two hundred and eighteen meningitis episodes in adult patients and reported head trauma as a risk factor for meningitis in seventeen (7.8%) patients. They had also reported S. pneumoniae as the most prevalent causative agent. In an RBM series from our hospital, twenty-two RBM episodes had been reported in ten patients. Head trauma was a predisposing factor in four of these patients. [11] The spectrum of predisposing factors in RBM is not wide. In a study focusing on patients with recurrent meningitis, 21% of them has had immune deficiency and 74% has had congenital, traumatic, or surgical CSF fistulas as predisposing factors. [12] In the literature, there are several case reports on patients with late onset CSF leaks due to head trauma. These fistulas have become apparent within the first month in the majority of cases. [13] In a retrospective study conducted on one hundred and sixty patients with CSF leak due to head trauma, the risk of developing meningitis within the first week following the head trauma has been found as 9.1%. [14] In our study, the rate of CSF leaks in patients with posttraumatic RBM was observed to be high, which emphasizes the role of trauma in RBM. In a review of case reports on RBM, CSF fistulas due to head trauma have been found to trigger the majority of the recurrent meningitis attacks. According to this review, 28.1% (102 out of 363 patients) of the recurrent bacterial meningitis cases has occurred secondary to head traumas. However, this review did not distinguish between pediatric and adult patients. [3] The majority of the articles on RBM are either case reports or studies conducted on a limited number of patients. The patients are evaluated as a general study group including both pediatric and adult patients. Only five reports comprised more than five patients. [7, 13, 15, 16] In this respect, our study features a comparatively higher number of adult patients.
In a review by Tebruegge et al., S. pneumoniae has been detected in one hundred (89%) out of one hundred and twentytwo culture-positive episodes following a head trauma. It is followed by H. influenzae and N. meningitidis with 6% and 4%, respectively. When we look at the general causes of recurrent bacterial meningitis, S. pneumoniae was also the leading agent in 72% of the patients in the same study. [3] In another study from our country conducted on fourteen pediatric RBM patients, eight out of the eleven patients (72.7%) with bacterial growth had S. pneumoniae in the culture. In the same study, S. pneumoniae growth was also observed in three patients in whom RBM had developed due to a trauma. [9] We also obtained similar results in terms of the causative agents in our study, and S. pneumoniae was the most frequently detected causative agent in culture-positive patients.
Radiological imaging methods are useful to detect CSF fistulas. These methods include CT scans, CT cisternography, radionucleotide cisternography, and MRI. CT cisternography is based on the demonstration of the fistula defect through a contrast agent, and its sensitivity has been reported to be around 55-77%. [16, 17] MRI shows the cerebral tissue and soft tissue thoroughly, which is especially important in case of encephalocele. [18] In a study conducted on twenty-four patients, MRI has been reported to be 100% sensitive in demonstrating CSF leaks. [19] In an extensive review, all of the CSF leaks detected through MRI have been surgically verified. [3] In our study, CT cisternography was used to show CSF leaks, which were detected at a high rate.
In terms of treatment, in the study by Tuygun et al. [9] in which fourteen pediatric recurrent meningitis patients have been evaluated, all patients have been administered a combination of ceftriaxone and vancomycin. In our study, all patients initially received ceftriaxone. When no response to the initial treatment was observed in four patients, vancomycin was later added to the regimen. Prophylactic antibiotic use in patients with skull base fractures and CSF fistula is controversial. [20, 21] In a large-scale study that evaluated the causes of cranial trauma in Turkey, falls from height and traffic accidents were reported as the most common causes. Falls were predominantly observed in male patients. Also in our study, similar causes were observed in terms of the etiology of the cranial trauma. [22] Another review has emphasized the importance of falls during the childhood. [23] Similarly, falls from height and traffic accidents were found as the most frequent causes in our study. Moreover, six out of our seven patients with a history of fall were male. Treatment of CSF fistulas can be surgical or medical. The majority of the CSF leaks are self-limiting and stop spontaneously within 2-7 days the after the trauma. Failure of the conservative treatment is an indication for surgical repair. Profuse leaks, Pneumocephalus, delayed and intermittent leaks and recurrent meningitis are absolute indications for surgical treatment. [24] In case of CSF fistulas irresponsive to the medical treatment, surgical treatment should be taken into consideration. Prognosis is very good in patients with spontaneously or surgically closed CSF fistulas. [25] This study has certain limitations due to its retrospective design. In some patients, the history of trauma was based on the statement of the patient or next of kin. In addition, the data on antibiotic treatment before the admission to the hospital was insufficient in some patients.
In case of RBM, patients should be inquired about and examined for any developmental or traumatic anatomic defects or immune deficiency. Since recurrent bacterial meningitis attacks are frequently observed following a trauma, in patients who present with symptoms including headache, nausea, vomiting, and nuchal rigidity, meningitis should be considered in the differential diagnosis. History of any trauma in childhood should be taken seriously since the risk of meningitis might continue throughout the patient's lifetime. After the recovery from the acute phase of bacterial meningitis, the patient should be evaluated for predisposing factors of RBM.
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